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Bitumen requirement in hot mix asphalt (HMA) is directly dependent on the surface area of
the aggregates in the mix, which in turn has effect on the asphalt film thickness and the
flow characteristics. The surface area of aggregate blend in HMA is calculated using the
specific surface area factors assigned to percentage passing through some specific standard
sieve sizes and the imaging techniques. The first process is less capital intensive, but
purely manual and labour intensive and prone to human errors. Imaging techniques
though eliminating the human errors, still have limited use due to capital intensiveness
and requirement of well-established laboratories with qualified technicians. Most of the
developing countries like India are shortage of well-equipped laboratories and qualified
technicians. To overcome these difficulties, the present mathematical model has been
developed to estimate the surface area of aggregate blend of HMA from physical properties
of aggregates evaluated using simple laboratory equipment. This model has been validated
compared with the existing established methods of calculations and can be used as one of
the tools in different developing and under developed countries for proper design of HMA.
© 2016 Periodical Offices of Chang'an University. Production and hosting by Elsevier B.V. on
behalf of Owner. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).1. Introduction
Flexible pavement accounts for major percentages of the
roads all over the world with the hot mix asphalt (HMA) as its
base and surface course. The bituminous course up to 350mm
thick may be used in heavy traffic, making it the as the most
expensive component of the road project costing up to two0.
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al Offices of Chang'an Un
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se (http://creativecommothirds of the total cost. The surface area of the aggregates
blended in HMA can directly affect the asphalt film thickness
and the flow characteristics (Anirudh et al., 2014; Arasan et al.,
2010a, b; Naidu and Adiseshu, 2013; Ramli et al., 2013). Esti-
mation of the surface area of aggregates inHMA is difficult due
to their irregular shapes and the roughness of surface texture
(Wang and Lai, 2009). The surface areawhich is one of the vital
inputs in the design of HMA primarily derived based on the(S. S. Das), pksahooiitkgp@yahoo.com (P. K. Sahoo).
iversity.
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Fig. 1 e Picture of the aggregate particles.
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Asphalt Institutes Manual Series MS-2 standardized the
surface area factor (SAF) for a specified set of sieve sizes.
Subsequently, fractional dimensional method was developed
and a major improvement was achieved on surface area
measurement through 3D laser imaging techniques to
improve the accuracy (Arasan et al., 2010a, b). However,
these techniques are either time consuming, limited
accuracy, prone to subjectivity and human error or
expensive. The costly 3D laser imaging equipment is not
even available in all research laboratories of developing
countries like India. Even the laboratories in remote areas of
developing and under developed countries do not have the
standard Marshall design equipment, which makes mix
design of HMA difficult for field engineers. To overcome
these difficulties, a simple mathematical model based on the
physical properties of aggregates has been developed in the
present paper for estimating surface area of the aggregates
used in HMA and validated compared with other important
existing methods used worldwide.Fig. 2 e Graph between lg (SSA factor) and lg (P).2. Background
HMA is a heterogeneous mix of materials consisting of ag-
gregates, mineral fillers, bitumen, additives and air voids.
Aggregates constitute themajor portion of the HMA, primarily
responsible for strength. HMA is designed to be durable under
different types of loading and environmental conditions. Its
durability mostly depends on (i) the type and quantity of
bitumen, (ii) gradation, quality and quantity of aggregates, (iii)
quantity of mineral fillers and voids (Anochie-Boateng et al.,
2011; Anochie-Boateng and Maina, 2013; Anirudh et al., 2014;
Arasan et al., 2010a, b; Bhasin and Dallas, 2006; Naidu and
Adiseshu, 2013; Ramli et al., 2013). The physical properties of
aggregates, i.e., angularity, form and texture at a macro scale
are co-related with the distress mode, such as rutting in HMA.
The physical and chemical properties of aggregates at amacro
and micro scale also influence the performance of the HMA.
Therefore, for estimating strength of the HMA, evaluation of
the surface area of aggregate blend used in HMA in an accu-
rate manner (Anochie-Boateng et al., 2011; Anochie-Boateng
and Maina, 2013) is of vital importance. But evaluating thesurface area of aggregates in a mix or even a single aggregate
is difficult due to their irregular shapes, and the roughness of
surface texture of aggregate particles (Fig. 1). This picture
gives a rough assessment difficulty in measuring the surface
area of aggregates.
A detailed and systematic reviewof literatures enumerating
thework done by researchers on the surface area calculation of
the aggregates used in HMA to ascertain the virtual film thick-
ness for quantifying bitumen are described below.
Francis Hveemwas among the first in the 1930's developed
a mix design method for calculating the optimum bitumen
content (OBC) for California Department of Transport. Here,
film thickness was considered as an important factor for
designing HMA and assumed that each aggregate particle
needed to be covered with same optimum film thickness. This
paves way for calculating the surface area of the aggregate
blend was used in HMA (Asphalt Institute, 2007). The research
thereafter could not swap Asphalt Institutes Manual Series
MS-2 based on SAF for a specified set of sieve sizes widely
used for deriving the surface area of aggregates blend used
in HMA prior to 2003. Radovskiy (2003) analysed the formula
used for calculating the film thickness in HMA and observed
that obtaining film thickness by dividing the effective
volume of asphalt to surface area calculated using specific
surface area factor needs revision and stressed for revisiting
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calculated using the minimum particle diameter of 0.030
mm leading to inaccurate surface area of aggregates
calculation. Maerz (2004) used a dual, synchronised, double
speed progressive scan camera to image the aggregates from
two directions to create a binary image for computing the
physical properties aspect ratio, perimeter array, flakiness
and elongation, coarse aggregates angularity and fractured
face count, etc. of aggregates. Here, the imaging technique
was basically used to replace the physical test for shape
measurements. Although this method has some advantages
such as lower unit cost, less subjectivity, faster results and
ability to produce greater number of measurements to
increase the statistical validity, tests have shown that
imaging results do not always match to physical testing.
Bhasin and Dallas (2006) used the Universal Sorption Devise
(USD) to measure the surface free energy and specific
surface area of aggregates. They used a micro calorimeter to
measure thermodynamic properties related to moisture
sensitivity of HMA and established that it could be used to
measure surface energy component of aggregates. They had
further established that this method could be used even for
total energy of adhesion including cumulative effects of
physical adsorption, chemisorption, electrostatic interaction,
etc. (both in case of bitumen and aggregates and water and
aggregates). Here, the specific surface area of the aggregates
are calculated using the Branauer, Emmett, and Teller (BET)
equation as shown below
A ¼ nmN0
M
a (1)
where A is the specific surface area of aggregate, N0 is the
avogadro's number, nm is the monolayer capacity of the
aggregate surface,M is the molecular weight of probe vapour,
a is the projected area of a single molecule of probe vapour.
Eq. (1) shows the difficulty in deriving the specific surface
area of aggregates. Hu and Stroeven (2006) studied the shape
characteristics of two types of coarse aggregates of different
origins by means of stereological and Fourier analysis and
established that stereological shape indices, incorporating
higher order (three dimensional) shape parameters were
more suitable than the conventional two dimensional global
shape parameters for distinguishing different aggregates
types. They had further established that more efficient shape
parameters could be derived from Fourier analysis to
quantitatively characterise the global as well as fine
structures. Erdogan et al. (2006) studied the image analysis
technique on aggregate particles. Imaging three dimensions
with X-ray computed tomography, they calculated the ratio
of surface area of the aggregates to surface area of equivalent
sphere treated on three reference rocks (having varied
flatness and roughness producing astringent test on the
spherical harmonic generation process) of four different rock
types (Granite, Lime Stone, Indiana and Arizona) for coarse
aggregates of size between 25.4 mm and 2.36 mm. As this
method is used only with limited specimen in the study, a
wide range of materials used worldwide have different
sedimentary petrology, geological deposits and
geomorphological processes, this method may be not able to
give precise numerical information. Wang and Lai (2009) hadalso evolved an imaging method to quantify the specific
surface area of different sieves ranging from 19 mm to 300
micron sieve size. The method is also used for evaluating the
slenderness ratio, roundness and roughness of the
aggregates from the images. The procedure followed for
determining the specific surface area of aggregate particles
includes (i) separating the aggregates to different sieves, (ii)
placing the aggregate in a container and injecting a resin to
bind them, (iii) sawing the aggregates/resin specimen to
obtain one to four cut planes, (iv) using the image analyser to
take images from cut planes, (v) determining the specific
surface area and other aggregates properties from the
images. This is a very cumbersome process. Van Lent et al.
(2009) studied the effect of stone roughness on the adhesive
property of HMA. The effect of the surface treatments were
used in the life time optimization tool (LOT) research
programme on the surface roughness and related surface
properties, such as specific surface area (SSA) and surface
free energy. In this method, the SSA was determined by
means of stereo microscope and con-focal microscope in
terms of measured surface area and the evaluated surface
area with different magnification such as 7, 20 and 50 on two
types of sand stone aggregates. The main drawback is that
the SSA measured increases with magnification and not
expected the real value using whatever microscope
magnification because of unknown errors. Gilbert et al. (2009)
evaluated the simple geometric properties (surface area,
porosity and pore dimension) of aggregates on uptaking and
releasing by using aggregadation technique, and compared
this technigue with small-angle X-ray scattering (SAXS)
method, and concluded that SAXS method may provide an
approach to deriving accurate geometric models. Arasan et
al. (2010a, b) studied the relationship between the fractal
dimension (which is directly related to SSA) of coarse
aggregates and mechanical properties of asphalt concrete
such as flow, Marshal stability, Marshal quotient and
observed that there was a strong co-relation between them.
However, this study only established the relationship of
mechanical properties of HMA with the fractal dimension of
aggregates without any numerical analysis on the surface
area of aggregates used in HMA. Arasan et al. (2010a, b)
studied the shape properties of natural and crushed
aggregates using image analysis. The shape characteristics of
both natural and crushed aggregates such as aspect ratio,
elongation, flatness, form factor, roundness, shape factor
and sphericity were determined for comparison by using
image technique and fractional dimension. It can be
observed that the fractal dimension (which is directly related
to SSA) of crushed aggregates are more than that of the
natural aggregates. However, this study only established the
comparison of shape characteristics of two different types of
aggregates (natural and crushed aggregates) without
numerical analysis on the surface area of aggregates.
Advanced Asphalt Technologies, LLC (2011) illustrated the
calculation of surface area based on traditional aggregates
specific surface values depending upon the percentage
passing of aggregates of some specific sieve sizes. They had
further simplified the value, which depended only on three
sieve sizes, i.e., 300 micron, 150 micron and 75 micron. The
specific surface area (in square meter per kg) was one fifth of
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i.e., 300 micron, 150 micron and 75 micron. This method did
not have any improvement to the conventional method of
deriving the surface areas of the aggregates by multiplying
the total percentage passing each sieve size by SAF on the
specified set of standard sieve sizes. Anochie-Boateng et al.
(2011) evaluated the surface area of aggregates used in HMA
precisely using the 3D laser technique. They had considered
five different types of mixes for the study and suggested new
surface area factors for coarse aggregates. This method gave
a precise result based on scientific reasoning but it was very
costly and uneconomical. Further, this method could only be
used for coarse aggregate particles having size 4.75 mm or
more, leaving behind the fine aggregated and dust particles,
which constituted the substantial surface area in HMA blend,
and created doubt on the accuracy of the results. Kumara et
al. (2012) studied the image analysis technique (using 2D
images) to compare the gradation curves by conventional
method using sieve analysis and concluded that this
technique could be considered as a tool for determining the
gradation curves. Further established image analysis
technique (using 2D images) can be applied as an in situ
method of determining the gradation curve. Mgangira et al.
(2013) studied the characterization of aggregates (passing
19.0 mm and retaining 13.2 mm sieve size) using three
dimensional laser scanner technologies and demonstrated
the advantage of this technique in identifying the subtle
differences between aggregates. This study suggested that it
was possible to determine parameters that could adequately
quantify aggregate shape characteristics to identify
differences between individual aggregates, from the same
sieve ranges through image analysis. Anochie-Boateng and
Maina (2013) used the 3D laser scanning technique (LST) to
differentiate the form, angularity and surface texture of
designed asphalt mixes (blended aggregates), and tested with
Hamburg wheel tracking test. They had concluded the
applicability of 3D LST to quantify aggregate shape
properties of aggregate blend used in HMA. The material
specification used in India for road construction is as
“Specification for Road and Bridge Works, 5th edition” (IRC,
2013). The mix design method considered is based on the
Marshall method described in Asphalt Institute Manual
(MS-2). Marshall mix design method for determining the
surface area is based on the specific surface area factors as
described in MS-2. This is the conventional method of
deriving the surface areas of the aggregates by multiplying
the total percentage passing each sieve size by SAF on the
specified set of standard sieve sizes.
The literatures clearly show that although the surface
area of aggregate blend in HMA plays one of the vital roles in
bonding bitumen, there is no simplified method for its
calculation. The conventional method for calculating the
surface area of aggregate blend in HMA is based on the
specific surface area factors assigned to percentage passing
through some specific standard sieve sizes. This method is
less capital intensive, but it is purely manual labour inten-
sive process, insignificant statistical validity, cost ineffective
measurement, prone to human errors, etc. Further
improvement is achieved with the use of imaging tech-
niques (such as 2D and 3D imaging) to eliminate the humanerrors, but it still seems to be have limited use due to capital
intensiveness and requires well- established laboratory and
qualified technician. To overcome these difficulties, a
mathematical model has been attempted to estimate the
surface area of aggregate blend used in HMA from their
simple physical properties.3. Model development
The mathematical model has been developed using simple
physical properties of the aggregates, such as gradation,
elongation and flakiness, is illustrated below. For calculating
the surface area of coarse aggregates, fine aggregates and dust
particles simple gradation, elongation and flakiness indexes
are carried out on each sample specimen. Then surface area of
the aggregate blend is calculated as per empirical formula
given below.
SATotal ¼ SACA þ SAFA þ SADUST (2)
where SATotal is the total surface area of the aggregates in one
cubic meter of HMA blend, SACA is the surface area of the
coarse aggregates in one cubicmeter of HMAblend, SAFA is the
surface area of the fine aggregates in one cubic meter of HMA
blend, SADUST is the surface area of the dust in one cubicmeter
of HMA blend.
Coarse aggregates in a HMA blend is defined as all particles
above 4.75 mm size, fine aggregates in a HMA blend is defined
as all particles between 4.75 mm and 75 micron size, and dust
in a HMA blend is defined as all particles above below 75
micron size.
SACA ¼ NCAMACAMFCA (3)
where NCA is the number of coarse aggregate particle in one
cubicmeter of HMAblend,MACA is the area ofmean size of the
coarse aggregates, MFCA is the multiplying factor for uneven-
ness of coarse aggregates.
For all i having sieve above 4.75 mm
MSCA ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
MiMS
2
iP
Mi
s
(4)
where MSCA is the mean size of coarse aggregates, Mi is the
percentagemass of aggregates passing in (i þ 1)th sieveminus
ith sieve, MSi is the mean size of (i þ 1)th sieve and ith sieve.
MLCA ¼ MSCAð1þ Total flakiness & ElongationÞ (5)
where MLCA is the mean length of coarse aggregates.
It is assumed that the coarse aggregate particles are
cylindrical.
MACA ¼ pMSCAMLCA þ p2MS
2
CA (6)
MVCA ¼ p4MS
2
CAMLCA (7)
where MVCA is the mean volume of coarse aggregates.
NCA ¼ 1MVCA ð1 eÞ weightage of CA in HMA (8)
where e is the void in mineral aggregate (VMA) in HMA.
Table 1 e Calculation for average size of aggregates passing a particular sieve, weightage of coarse aggregates, fine
aggregates and dust in HMA.
Max Bureau of
Indian Standard
(BIS) sieve size
(L1) (mm)
Min Bureau of
Indian Standard
(BIS) sieve size
(L2) (mm)
Mean size (L3) (mm)
L3¼(L1 þ L2)/2
Content
(L4) (%)
Square of mean size
(L5) (mm
2)
L5 ¼ L23
Wt. avg. of square
of mean size (L6)
(mm2) L6 ¼ L5L4
26.5 19 22.7500 0.00 517.56250000 0.000000000
19 13.2 16.1000 0.00 259.21000000 0.000000000
13.2 9.5 11.3500 18.70 128.82250000 24.089807500
9.5 4.75 7.1250 30.70 50.76562500 15.585046880
4.75 2.36 3.5550 9.30 12.63802500 1.175336325
2.36 1.18 1.7700 10.50 3.13290000 0.328954500
1.18 0.6 0.8900 4.00 0.79210000 0.031684000
0.6 0.3 0.4500 9.10 0.20250000 0.018427500
0.3 0.15 0.2250 6.30 0.05062500 0.003189375
0.15 0.075 0.1125 7.45 0.01265625 0.000942891
Total 96.05 41.233388970
Dust 0.075 0.0400 3.95 0.00160000 0.000063200
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SAFA ¼ NFAMAFAMFFA (9)
where NFA is the number of fine aggregate particles in one
cubicmeter of HMAblend,MAFA is the area ofmean size of the
fine aggregates,MFFA is the multiplying factor for unevenness
of fine aggregates.
For all i having sieve above 75 micron and below 4.75 mm
MSFA ¼
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
MiMS
2
iP
Mi
s
(10)
where MSFA is the mean size of fine aggregates.
MLFA ¼ MSFAð1þ Total flakiness & ElongationÞ (11)
where MLFA is the mean length of fine aggregates.
It is assumed that the fine aggregate particles are
cylindrical.
MAFA ¼ pMSFAMLFA þ p2MS
2
FA (12)
MVFA ¼ p4MS
2
FAMLFA (13)
where MVFA is the mean volume of fine aggregates.
NFA ¼ 1MVFA ð1 eÞ weightage of FA in HMA (14)
Similarly,
SADUST ¼ NDUSTMADUSTMFDUST (15)
where NDUST is the number of dust particle in one cubic meter
of HMA blend, MADUST is the area of mean size of the dustTable 2 e Calculation for average square weightage size of coa
Average square weightage of
coarse aggregates (above 4.75 mm size)
(24.0898085 þ 1
Average square weightage of fine
aggregates (between 4.75 mm and 75 micron size)
(1.175336325 þ
0.000942891) 
Average square weightage of dust
(below 75 micron size)
0.0000632  3.9particle, MFDUST is the multiplying factor for unevenness of
dust.
It is assumed that the dust particle are spherical.
MADUST ¼ pMS2DUST (16)
MVDUST ¼ p6MS
3
DUST (17)
where MSDUST is the mean size of dust, MVDUST is the mean
volume of dust.
NDUST ¼ 1MVDUST ð1 eÞ weightage of dust in HMA (18)
Now assume that, MSDUST ¼ 40 micron, MFDUST ¼ 1.6
(additional sixty percent towards unevenness),MFFA ¼ 1.6  2
¼ 3.2 (additional 100 percent towards unevenness as
compared to dust),MFCA¼ 3.2 2¼ 6.4 (additional 100 percent
towards unevenness as compared to fine aggregates).
Present empirical method is used for the calculation of
surface area of the sample based on the mathematical model
developed in previous section, calculations of the average size
of aggregate particles (assuming as rounded ones), average
square weightage size and mean size of coarse aggregates,
fine aggregates and dust in sample HMA are systematically
described in Tables 1e3.
Content of coarse aggregates (above 4.75mm size) is 49.4%,
content of fine aggregates (between 4.75 mm and 75 micron
size) is 46.65%, and content of dust (below 75 micron size) is
3.95%.
For surface area for dust, its mean size ¼ 0.04 mm, volume
of each particle (assuming spherical) ¼ 3.35238  105 mm3,rse aggregates, fine aggregates and dust in HMA.
5.58504688)  49.4% 19.59937806
0.3289545 þ 0.031684 þ 0.0184275 þ 0.003189375 þ
46.65%
0.727056387
5% 2.4964  106
Table 4 e Surface area factor for standard sieves.
2
Table 3 e Calculation for average mean size of coarse aggregates, fine aggregates and dust in HMA.
Mean size of soarse aggregates (mm) (above 4.75 mm size)
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
19:59937806
p
=49:4% 8.961778305
Mean size of fine aggregates (mm) (between 4.75 mm and 75 micron size)
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
0:727056387
p
=46:65% 1.827815681
Mean size of dust (mm) (below 75 micron size)
ﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃﬃ
2:4964 106
p
=3:95% 0.040000000
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¼ 2.98295  1013.
Calculate void in mineral aggregate (VMA) (theoretically):
let VMA¼ e, and assume void for air¼ 4%, bulk specific gravity
of stone¼ 2.74 (assumption also for dust), bulk specific gravity
of bitumen ¼ 1.02, bulk density of BC after compaction
correction ¼ 2.44, then, the formula would be as follow
ð1 eÞ  2:74þ ðe 0:04Þ  1:02 ¼ 2:44
After solving, e is 15.0698%.
The number of particle in 1 m3 (actual) ¼ 2.98295  1013 
(1e0.150698)  3.95% ¼ 1.0007  1012, area of each particle
(assuming spherical) ¼ 0.005028571 mm2, total area of dust ¼
1.0007  1012  0.005028571/106 ¼ 5032.11 m2.
Assume multiplying factor as 60%, higher on dust particle
for uneven surface texture, which is 1.60, then total area of
dust (after correction) is 8051.38 m2.
For surface area for fine aggregates, mean size is
1.827815681 mm, mean length after having flakiness & elon-
gation @ 13% ¼ 1.827815681  1.13 ¼ 2.065431719 mm, volume
of each particle (assuming cylindrical)¼ 5.421760001mm3, the
number of particle in 1 m3 (theoretical) ¼ 1/volume of each ¼
184441952.4, VMA (as calculated earlier) ¼ 15.0698%, the
number of particle in 1 m3 (actual) ¼ 184441952.4 
(1e0.150698)  46.65% ¼ 73075787.74, area of each particle
(assuming cylindrical) ¼ 17.11500549 mm2, total area of fine
aggregates¼ 73075787.74 17.11500549/106¼ 1250.692508m2.
Assume multiplying factor as 100%, higher than dust par-
ticles for uneven surface texture, which is 3.2, then, total area
of fine aggregates (after correction) ¼ 4002.22 m2.
For surface area for coarse aggregates, mean size ¼
8.961778305 mm, mean length after having flakiness & elon-
gation @ 13% ¼ 8.961778305  1.13 ¼ 10.12680949 mm, volume
of each particle (assuming cylindrical)¼ 639.0365251mm3, the
number of particle in 1 m3 (theoretical) ¼ 1/volume of each ¼
1564855.78, VMA (as calculated earlier) ¼ 15.0698%, the num-
ber of particle in 1 m3 (actual) ¼ 1564855.78  (1e0.150698) 
49.4% ¼ 656543.361, area of each particle (assuming cylindri-
cal) ¼ 411.4344355 mm2, total area of coarse aggregates ¼
411.4344355  656543.361/106 ¼ 270.1245471 m2.
Assume multiplying factor as 100%, higher than fine
aggregate particles for uneven surface texture, which is 6.40,
then, total area of coarse aggregates (after correction) ¼
1728.80 m2, total surface area of aggregates in 1 m3 of blend ¼
1728.80 þ 4002.22 þ 8051.38 ¼ 13782.40 m2.Sieve size (mm) Surface area factor (m /kg)
All coarse aggregates
above 4.75 mm sieve
0.41 (considering as 100% passing)
4.75 0.41
2.36 0.82
1.18 1.64
0.6 2.87
0.3 6.14
0.15 12.29
0.075 32.774. Model validation
To validate this mathematical model, the surface area of ag-
gregates in the same sample HMA was calculated using two
models/methods used worldwide, i.e., using MS-2 model of
asphalt institute based on surface area factor and 3D laser
imaging model based on modified surface area factor.4.1. Calculation of surface area of the sample using MS-
2 model of asphalt institute based on surface area factor
The material specification used in India for road construction
is as per “Specification for Road and BridgeWorks, 5th edition”
(IRC, 2013). Themix designmethod considered is based on the
Marshall Method described in Asphalt Institute Manual (MS-
2). Marshall mix design method for determining the surface
area as described in MS-2, is based on the specific surface
area factor as given below
SA ¼ 1=100SP1C1
where SA is the surface area of aggregates (m2), P1 is the per-
centage by mass passing the specified sieve, C1 is the surface
area factor (m2/kg).
The surface area factors for different sieves are described
in Table 4.
This method has the followingmajor limitations leading to
inaccurate values.
(1) One factor for all the coarse aggregates, i.e., aggregate
particles above 4.75 mm sieve size, i.e., 0.41 irrespective
of its grading.
(2) One factor for all the dust particles, i.e., aggregate par-
ticles below 75micron sieve size, i.e., 32.77multiplied by
its quantity irrespective of its grading.
(3) Factor for fine aggregates in specified sieve ranges.
The theoretical calculation of surface area for the sample is
described in Table 5.
Total surface area per cubic meter (theoretical assuming
specific gravity as 2.65) ¼ 2650  6.012655 ¼ 15933.53575 m2,
VMA (as calculated earlier) ¼ 15.0698%, total surface area of
aggregates in 1 m3 of blend ¼ 13532.38 m2.4.2. Calculation of surface area of the sample using 3D
laser imaging model based on modified surface area factor
Anochie-Boateng et al. (2011) used the 3D laser technique to
evaluate the surface area of aggregates used in five different
mixes used in HMA of South African Road Agency Ltd.
Table 5 e Calculation of surface area.
Sieve sizes (mm) Percentage passing the sieve (%) Surface area factor (m2/kg) Surface area (m2)
All Coarse aggregates above 4.75 mm sieve 100.00 0.41 (considering as 100% passing) 0.410000
4.75 50.60 0.41 0.207460
2.36 41.30 0.82 0.338660
1.18 30.80 1.64 0.505120
0.6 26.90 2.87 0.799160
0.3 17.70 6.14 1.086780
0.15 11.40 12.29 1.401060
0.075 3.95 32.77 1.294415
Total 6.012655
Table 6 e Comparison of the specified and 3D laser technique surface area factors.
Particle size (mm) SSA factor in TRH8, MS-4 (m2/kg) SSA factor based on 3D laser technique
(m2/kg)
Mix-1 Mix-2 Mix-3 Mix-4 Mix-5
19 Collectively considered as 0.41 (considering as 100% passing) 0.141 0.124 NA NA NA
13.2 0.173 0.164 NA NA 0.199
9.5 0.242 0.210 0.233 0.257 0.236
6.7 0.322 0.301 0.304 0.315 0.315
4.75 0.41 0.462 0.389 0.435 0.423 0.458
Note: NA means data not available.
Table 7eData ofmodified SSA factor in respect of particle
size.
SSA factor (m2/kg) P (mm) lg (SSA factor) lg (P)
0.141 19 0.85078 1.278754
0.124 19 0.90658 1.278754
0.173 13.2 0.76195 1.120574
0.164 13.2 0.78516 1.120574
0.199 13.2 0.70115 1.120574
0.242 9.5 0.61618 0.977724
0.210 9.5 0.67778 0.977724
0.233 9.5 0.63264 0.977724
0.257 9.5 0.59007 0.977724
0.236 9.5 0.62709 0.977724
0.322 6.7 0.49214 0.826075
0.301 6.7 0.52143 0.826075
0.304 6.7 0.51713 0.826075
0.315 6.7 0.50169 0.826075
0.315 6.7 0.50169 0.826075
0.462 4.75 0.33536 0.676694
0.389 4.75 0.41005 0.676694
0.435 4.75 0.36151 0.676694
0.423 4.75 0.37366 0.676694
j o u rn a l o f t r a ffi c a nd t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 6 ; 3 ( 2 ) : 1 2 7e1 3 6 133(SANRAL). The results obtained from the laser device were
used to develop surface area factors for coarse aggregates
scanned in the device. The coarse aggregates were only be
scanned due to the resolution limitation of the 3D laser
device, which makes it practically impossible to scan the
fine aggregates and dust particles. The surface area factor
modified/developed using the 3D laser technique is
tabulated in Table 6 (Table 4 of the original article may refer).
This method has the following major limitations:
(1) Although it gives a precise result, it is very costly and
uneconomical.
(2) It can only scan the coarse aggregates having size of 4.75
mm or more, leaving behind the fine aggregates and
dust particles which constitute the substantial surface
area in HMA blend, and having doubt on the accuracy of
the results.
To overcome the above situation, the surface area factors
developed for the specified size of coarse aggregates has been
extrapolated/interpolated for other sizes. All the above avail-
able data has been considered in the study. As explained to
have co-relation between the surface area factor and particle
size, the formula used is as follow
SSA factor ¼ CPk
where SSA factor is the specific surface area factor, C, k are
constants, P is the particle size.
From this, by making logarithm, a linear relationship is
derived and shown as follow
lgðSSA factorÞ ¼ lgðCÞ þ klgðPÞ
Now, themodifiedSSAasdescribed inTable6 isdescribed in
Table 7 for drawing the graphbetween lg (SSA factor) and lg (P).The graph potted between lg (SSA factor) and lg (P) is
shown in Fig. 2.
After analysing the graph, the value of the formula for co-
relation between the surface area factor and particle size is
derived as follow
SSA factor ¼ 1:82P0:9275
The theoretical calculation of surface area for the sample is
described in Table 8.0.458 4.75 0.33913 0.676694
Table 8 e Theoretical calculation of surface area.
Sieve size
(mm)
Percentage passing
the sieve (%)
Surface area
factor (m2/kg)
Surface
area (m2)
26.5 100.00 0.087000000 0.087000000
19 100.00 0.118600000 0.118600000
13.2 100.00 0.166200000 0.166200000
9.5 81.30 0.225500000 0.183331500
6.7 65.95 0.311800000 0.205632100
4.75 50.60 0.429000000 0.217074000
2.3 41.30 0.816110209 0.337053516
1.18 30.80 1.552531174 0.478179602
0.6 26.80 2.953465131 0.791528655
0.3 17.70 5.618538568 0.994481327
0.15 11.40 10.688453810 1.218483735
0.075 3.95 20.333231420 0.803162641
Total 5.600727075
Table 9 e Surface area of aggregates using all three
methods.
Sample
number
Area as per
MS-2
(m2/m3)
Area as per
laser scanner
(m2/m3)
Area as per
mathematical
model (m2/m3)
1 13,532 12,605 13,782
2 14,456 13,442 13,615
3 15,196 14,067 14,256
4 13,942 13,018 13,113
5 14,682 13,644 13,193
6 13,602 12,658 13,351
7 14,577 13,478 14,551
8 13,328 12,456 12,783
9 14,479 13,389 14,081
10 15,419 14,235 14,914
11 17,777 15,968 18,207
12 14,556 13,432 14,354
13 14,426 13,354 14,023
14 16,019 14,696 16,090
15 17,406 15,835 16,279
16 17,142 15,554 17,448
17 18,994 17,195 16,300
18 16,586 15,049 17,181
19 17,417 15,595 18,743
20 19,031 17,172 18,905
21 18,494 16,655 18,750
22 18,289 16,526 18,051
23 17,383 15,927 15,658
24 17,562 15,883 17,436
25 18,557 16,818 15,599
26 16,885 15,361 17,046
27 16,586 15,049 17,181
28 17,417 15,595 18,743
29 19,031 17,172 18,905
30 18,494 16,655 18,750
31 18,289 16,526 18,051
32 17,383 15,927 15,658
33 17,562 15,883 17,436
34 18,557 16,818 15,599
35 16,503 15,040 15,557
36 17,066 15,441 17,027
37 16,563 15,056 16,634
38 18,678 16,860 17,287
39 16,606 15,014 16,993
40 17,370 15,938 14,366
41 18,072 16,596 16,284
42 17,833 16,014 17,567
43 17,623 16,041 16,600
44 14,050 13,158 13,151
45 17,152 15,668 15,846
46 16,391 15,042 14,460
47 17,168 15,776 13,391
j o u r n a l o f t r a ffi c and t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 6 ; 3 ( 2 ) : 1 2 7e1 3 6134Total surface area per cubic meter (theoretical assuming
specific gravity as 2.65) ¼ 2650  5.600727075 ¼ 14841.92675
m2, VMA (as calculated earlier) ¼ 15.0698%, total surface area
of aggregates in 1 cubic meter of HMA blend ¼ 12605.28 m2.
From the above, it is clear that the surface area of aggre-
gates blend used in HMA can be calculated using a mathe-
matical model from the physical properties of the aggregates
ascertained by simple tests, which is comparable with other
standard methods.
Then the same process is repeated on randomly selected
another forty six (46) blend of aggregate samples used on
bituminous concrete (BC), used both in State Highways and
National Highways, of three districts widely distributed
geographically in Odisha, India to calculate surface area of
aggregates in 1 m3 of HMA using all the three methods. The
area of the aggregates calculated using the proposed mathe-
matical model has been validated in comparison with the
other two methods used widely worldwide such as surface
area factor as stipulated in MS-2 of Asphalt Institute and
modified surface area factor after imaging method using 3D
laser technique. The results calculated using all three
methods of the samples are reported in Table 9 and Fig. 3.
On analysing the area calculated by three methods, it is
clear that the mathematical model can be used as a tool to
calculate the surface area of aggregates in HMA blend with
very high confidence level. The statistical parameters of all the
47 samples are tabulated in Table 10. The calculated areas in
all cases, i.e., average, minimum and maximum values, lie
between the other two standard methods of calculation. The
present empirical method is in line with the other two
standard methods. This provides a rough idea that the
mathematical model developed may be used as one of the
tools to calculate the surface area of aggregates of a HMA
blend.5. Conclusions
Estimation of surface area of aggregate blend in HMA is one of
the vital factors for quantifying bitumen required for proper
coating on aggregates. The proper bituminous coating thick-
ness on aggregates is also essential for strength and stability.The present paper developed an empiricalmodel using simple
physical properties of aggregates such as gradation, flakiness
and elongation for calculating surface area of the aggregates
of HMA blend. These physical properties can be determined
using simple inexpensive laboratory equipment with semi-
skilled labour. The calculated surface area of aggregates from
47 samples was compared with of other established methods
of calculation of surface area, i.e., MS-2 model of asphalt
institute and 3D laser imaging model based on modified sur-
face area factor for validation. The results show a good
Fig. 3 e Surface area of aggregates in 1 m3 of HMA calculating based on different methods.
Table 10 e Summary of the samples tested for surface
area calculation of aggregates per cubic meter in HMA
blend.
Statistical
parameter
Surface area of aggregates in square
meter per cubic meter calculated for all
the samples of HMA blend
Proposed
mathematical
model
The MS-2
model of
asphalt
institute
The 3D laser
imaging model
based on modified
surface area factor
Average 16,026 16,684 15,219
Maximum 18,905 19,031 17,195
Minimum 12,783 13,328 12,456
Range 6118 5703 4739
j o u rn a l o f t r a ffi c a nd t r an s p o r t a t i o n e n g i n e e r i n g ( e n g l i s h e d i t i o n ) 2 0 1 6 ; 3 ( 2 ) : 1 2 7e1 3 6 135agreement with the existing methods of calculation. This
method can be used in remote areas of developing and under
developed countries, by the field engineers for proper design
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